Introduction
Over the past decades our knowledge about pancreatic cystic neoplasms (PCN) has evolved greatly. PCN differ in their clinical presentation, morphology, and risks of malignancy. Some are benign (e.g. serous cystic neoplasms (SCN)), without a risk of malignancy, while others carry a small or larger risk of malignancy (e.g. intraductal papillary mucinous neoplasm (IPMN) and mucinous cystic neoplasms (MCN)). Knowledge of these different characteristics and morphological variations is important to reach the correct PCN diagnosis, which determines the management and follow-up strategy.
The first international guideline for the management of IPMN was published by a group of experts of the International Association of Pancreatology (IAP) in 2006 and was followed by two updates in 2012 and 2017 [1] [2] [3] . The American Gastroenterological Association (AGA) institute evidence-based guidelines were published in 2015 but do not address all PCN individually [4] . The European Study Group on Cystic Tumors of the Pancreas published an experts consensus statement in 2013 [5] which was followed by the recent evidence-based guideline, addressing all individual PCN, in contrast to the other guidelines [6] . The current guidelines show many similarities but also differences in surveillance and surgical strategy for IPMN and MCN. This review aims to provide the reader with an overview of the current literature and (evidencebased) guidelines.
Classification
The most clinically relevant classification of PCN is based on their cystic content, i.e. mucinous or non-mucinous (table 1) . The non-mucinous PCN (e.g. SCN, simple cyst) are benign whereas the Keywords Pancreatectomy · Pancreatic cystic neoplasms · Mucinous cyst · Serous cyst Summary Pancreatic cystic neoplasms (PCN) include different types of cysts with various biological behavior. The most prevalent PCN are intraductal papillary mucinous neoplasm (IPMN), mucinous cystic neoplasm (MCN), and serous cystic neoplasm (SCN). Management of PCN should focus on the prevention of malignant progression, while avoiding unnecessary morbidity of surgery. This requires specialized centers with dedicated multidisciplinary PCN teams. The malignant potential of PCN varies enormously between the various types of PCN. A combination of computed tomography, magnetic resonance imaging/magnetic resonance cholangiopancreatography, and endoscopic ultrasound with or without fine needle aspiration is typically needed before a reliable diagnosis can be made. Several guidelines discuss the management of PCN; however, most of these are nonevidence-based without clear consensus on the optimal treatment and follow-up strategy. The 2018 European guidelines on PCN are the first evidence-based guidelines to include IPMN, MCN, SCN, and all other PCN. This guideline advises a more conservative approach to side-branch IPMN and MCN smaller than 40 mm and more often a surgical approach in IPMN with a main duct dilatation beyond 5 mm. The goal of this review is to summarize the different types and management of the most common PCN based on the current literature and guidelines.
mucinous PCN (e.g. IPMN, MCN) have a certain malignant potential. In main-duct IPMN (MD-IPMN), the risk of malignancy in surgical series is 33-60% [3] . MCN is associated with a 10-15% risk of malignancy in surgical series [7] . The solid pseudopapillary neoplasms (SPN) are less common, with a risk of malignancy ranging from 10 to 16% [8, 9] . Further rare PCN, including cystic acinar cell adenoma and serous cystadenocarcinoma, will not be discussed here.
Epidemiology
Because of the increased use of cross-sectional imaging and the increased awareness, PCN are increasingly being diagnosed, often as an incidental finding [10] . The exact prevalence of the different PCN is not known. Studies which assessed the prevalence rate of asymptomatic PCN reported a prevalence of 2.2-2.6% with computed tomography (CT) [10] [11] [12] [13] and a prevalence of 14-45% with magnetic resonance imaging (MRI) [13] [14] [15] . This risk increases with age [10] [11] [12] .
The various types of PCN show a different age and sex distribution. SCN, accounting for 1-2% of all exocrine pancreatic neoplasms, are often diagnosed at the age of 50-70 years, and the incidence is higher in women (70%) than in men [16] . IPMN is often diagnosed around the age of 60 years, with equal incidence in women and men. MCN, accounting for 2-5% of all exocrine pancreas neoplasms, are mostly diagnosed at the age of 40-60 years and almost exclusively in women (95%) [17] . SPN are often diagnosed in young patients (20-30 years), with a higher incidence among women.
Radiology
Although different imaging modalities are available, distinguishing PCN subtypes may prove difficult [18] [19] [20] (fig. 1 ). The first step when assessing PCN is to perform an MRI/magnetic resonance cholangiopancreatography, which differentiates approximately 40-95% of PCN compared with 40-81% for CT [6] . In order to exclude high-risk features or when malignancy is suspected, without a definitive mass on CT, endoscopic ultrasound is performed, differentiating 48-94% of PCN when performed in expert hands [6] .
SCN are often localized in the body or tail of the pancreas (50-75%) [16] . Macroscopically, SCN are single round lesions (1-25 cm) made of multiple small cysts (0.01-0.5 cm) ordered in a so-called honeycomb pattern. Often, these small cysts are arranged around a centrally located dense fibronodular core (central stellate scar). There is no connection between the cysts and the pancreatic duct.
The majority of IPMN is located in the head of the pancreas [2, 21] . A single cystic mass as well as segmental involvement or involvement of the entire pancreatic duct can be present. There are three subtypes of IPMN based on the localization in the pancreas: Side-branch IPMN is localized in the side branches with connection to the pancreatic duct. MD-IPMN is localized in the pancreatic duct, and mixed-type IPMN is localized in both the main duct and the side branches. Side-branch IPMN has a lower risk (2-25%) of malignancy, especially when compared to the 33-60% risk of MD-IPMN and mixed-type IPMN in surgical series [2] . The presence of a solid component, enhancing mural nodule, increasing dilation of the pancreatic duct beyond 5 mm, and larger cyst diameter are associated with increased risk of malignancy [6] .
MCN is suggested when a unilocular or macrocystic cyst (2-35 cm) with or without nodular calcifications is seen in the body/tail of the pancreas. The cystic wall is thick, with a cellular 'ovarian' stroma. There is no connection between the cyst and the pancreatic duct. Several characteristics, such as cyst size and mural nodules, are associated with the grade of malignancy [17, 22, 23] . The recent European guideline is the first to highlight the low risk of malignancy when MCN are smaller than 40 mm [6] . 
Biomarkers in Blood and Cyst Fluid
Currently, no protein biomarkers have been identified in peripheral blood to differentiate subtypes of PCN or to identify malignant or dysplastic cysts. Serum carbohydrate antigen (CA) 19-9 could be of value in IPMN patients, whereas malignancy or invasive IPMN could be suggested when serum CA 19-9 levels exceed 37 U/ml [24, 25] . Cystic fluid analysis can occasionally be used to further differentiate between the various PCN. Several biochemical analyses are available, such as carcinoembryonic antigen (CEA), CA 19-9, amylase and lipase, viscosity, mucin stain, and cytology [26] . Even several cyst fluid DNA markers, such as GNAS and KRAS, have shown to be specific and sensitive for diagnosing IPMN [27, 28] .
In IPMN and MCN, the cystic fluid is typically quite thick with cytology confirming the presence of mucinous cells. CEA levels may be used to distinguish between mucinous and non-mucinous cysts [29] . A CEA level of >192 μg/l has been shown to be accurate with a sensitivity and specificity of 52-78% and 63-91%, respectively. [30] In case of IPMN, the amylase level will be elevated (>250 U/l) because of the connection of the cyst with the pancreatic duct. In MCN, the amylase level is usually normal, but a high level will not exclude an MCN.
The cyst fluid CA 19-9 level is not sensitive for discriminating benign from malignant PCN [31] . In SCN, the consistence of cystic fluid is thin because it is serous and does not contain mucin. Amylase and CEA levels (<5) are often low.
Operative Management
Some guidelines recommend surgery in all surgically fit patients with MD-IPMN while others recommend surgery if the pancreatic duct is dilated 10 mm [6] . Some guidelines recommend total pancreatectomy in young patients who can handle the complexities of diabetes and exocrine insufficiency, while the other guidelines do not mention total pancreatectomy. A recent international survey assessed the preferred surgical treatment strategy (e.g. partial or total pancreatectomy) of 97 experts in IPMN and found a lack of consensus [32] . In case of MD-and mixed-type IPMN with >5 mm dilatation in the entire pancreas, 41% advised surveillance every 3-6 months, whereas 59% advised operative intervention (31% partial pancreatectomy, 46% total pancreatectomy) [32] .
Regarding the decision making whether to operate or follow up patients, several factors need to be considered: the overall health status, comorbidities, and the life expectancy of the patient. With the use of cross-sectional imaging and additional biomarkers, a group of patients can be identified who have no risk of malignancy (e.g. SCN). These patients essentially require no surveillance or routine follow-up [33, 34] . SCN are often detected as an incidental finding with imaging for other reasons. These cysts are asymptomatic but could increase in size and cause obstruction (biliary, gastric outlet). For asymptomatic patients with radiological diagnosis of SCN, follow-up is not required. When SCN increase in size and become symptomatic, operative intervention is advised [35] .
In MCN, cyst size is associated with the risk of malignancy [22, 23] . The European guideline is the first to advise a conservative approach when the cyst size is <40 mm. An operation is advised, regardless of MCN size, when a mural nodule is present or when the patient experiences symptoms [30] . Since most MCN are located in the tail of the pancreas, a distal pancreatectomy with or without splenectomy is most often sufficient. After a complete resection there is an almost 100% cure rate [36] .
The treatment of choice for SPN is complete resection, which is associated with long-term survival [37, 38] . Different procedures are performed and are subsequently dependent on the tumor location. In IPMN, the risk of malignancy is associated with cyst size and the degree of pancreatic duct dilation in case of MD-or mixed-type IPMN [1, 6] . According to the European guidelines, there is an absolute indication for operation when jaundice, an enhancing mural nodule of >5 mm, and pancreatic duct dilation of >10 mm are present. If there is a pancreatic dilation of 5-9.9 mm, there is a relative indication for surgery in IPMN. The type of operation depends on the localization and the multifocal aspect of the tumor. If there is a suspected cancer in the head of the pancreas in a patient with IPMN, even with pancreatic duct dilation in the entire pancreas, a pancreatoduodenectomy is advised, as the cancer will determine the patient's prognosis. In young and fit patients with MD-IPMN in the entire pancreas but no cancer present, a total pancreatectomy should be considered since lifelong follow-up will be required given the risk of recurrence after partial pancreatectomy [6] . The indications for surgery are shown in figure 2.
Follow-up
Because of the high risk of malignancy and recurrence after IPMN surgery, especially for MD-/mixed-type IPMN, a lifelong follow-up is advised in patients who are fit to undergo operative intervention. In case of low-grade dysplasia, the IPMN recurrence rate is 5-10%, while this risk amounts to >50% in case of highgrade dysplasia [30] . Once patients develop IPMN-associated cancer, without lymph node metastases, the outcome is better than for pancreatic ductal adenocarcinoma [39] .
European Guidelines
There is no consensus between the three international guidelines on IPMN management (table 2) [3, 4, 30] . The 2015 AGA guidelines are the most conservative and advise surgery only if a pancreatic duct dilation of 5 mm and a solid component is present or if the cytology is positive for malignancy. Furthermore, total pancreatectomy is not mentioned as an option in the AGA guidelines. The European guideline is the most current as well as the only evidence-based guideline that discusses the management of all types of PCN [30] .
Conclusions
The risk of malignancy is associated with the type of PCN, and the best approach to further differentiate the type of PCN is combined evaluation of clinical, radiological and endoscopic ultrasonography findings. The risk of malignancy needs to be weighed against the operative intervention risks by experienced PCN teams in high-volume pancreatic surgery centers. Future studies are needed to better determine the indication for partial and total pancreatectomy in IPMN and to decide on the optimal follow-up schedule for patients with IPMN and MCN who did not undergo surgery.
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